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DOE/ NASA Technical Memorandum 


ASHMET - A COMPUTER CODE FOR ESTIMATING INSOLATION INCIDENT ON TILTED SURFACES 

SUMMARY 


A computer code has been developed to estimate the amount of solar insolation 
indident on the surfaces of several types of collectors. Both tracking and 
fixed position collectors have been included. Climatological data for 248 U.S. 
locations are built into the code. This report describes the methodology of 
the code, its input and output. 


I . INTRODUCTION 


In designing or analyzing a solar system, the principle question to be answered 
is how much of the available solar energy can the system deliver to loads. 

This fraction of available energy is dependent on several parameters: amount 

of solar energy available, type of collectors used, efficiency of system heat 
exchangers, system losses, etc. The primary driver is, of course, the solar 
energy available (energy incident on the surface of the collector array) to 
the system. This report describes a computer code, ASHMET, developed by MSFC 
to analytically estimate the solar energy incident on the collector array sur- 
face cover. 

Two versions of ASHMET exist. Both versions utilize the same basic methodology: 
ASHRAE relationships [1] are used to obtain clear day total daily insolation 
incident on the collector surface for a representative day (defined in ASHMET 
as the 21st day of the month) of each month of the year; the clear day total 
(direct + diffuse + reflected) daily insolation is then multiplied by a clear- 
ness index to obtain the typical or average daily insolation. The clearness 
index was derived from SOLMET measured insolation [2] and the ASHRAE clear day 
insolation. In reference 2 average daily total insolation on a horizontal sur- 
face for 248 U.S. locations are given for each of the 12 months of the year. 
These data were divided by the ASHRAE clear day insolation at the same geograph- 
ical location and the resulting tables built into ASHMET as clearness index. 

The assumption is made here that the clearness index does not change with 
collector tilt angle or azimuthal orientation. 

Major differences between the two versions are in the procedures for breakout 
of direct and diffuse insolation. Version I uses the ASHRAE relationships of 
reference 1; Version II the correlation of Liu and Jordan [3]. Version II 
resulted when comparisons of incident radiation to tilted surfaces obtained 
using the ASHRAE relationships for separation of direct and diffuse components 
to similar data obtained using the Liu and Jordan correlation indicated signi- 
ficant differences in the two sets of data for some geographic locations. 

Since, at present, insufficient data is available to verify either of the 
methods, and since the Liu and Jordan procedure is widely used in the solar 
industry, it was decided to add the Liu and Jordan methodology to ASHMET as 
an option. 


Both versions have the capabilities of calculating incident solar radiation 
on the collector surface for six types of collectors: 

(1) Fixed position flat plate collector - total insolation 

(2) Monthly tilt adjusted flat plate collector - total insolation 

(3) Bean tracking collector (sun tracker - direct insolation only) 

(4) Fixed azimuth tracker - direct insolation only (tracks in plane 
of tilt, rotating about tilt axis) 

(5) Fixed position flat plate collector - direct insolation 

(6) Monthly tilt adjusted flat plate collector - direct insolation only. 

In type (2) and (6) the monthly tilt angle adjustment is accomplished by 
setting the tilt equal to latitude minus declination using the declination 
angle for the 21st day of the month. Additionally, Version II of ASHMET has 
a type (7), which allows calculation of direct insolation to a collector 
rotating about its east-west axis. The angle of rotation is chosen such that 
the angle of incidence between the sun vector and the normal to the collector 
surface is minim ized. (NOTE: Type (4) of both can be used to obtain the same 

results as type (7) of Version II with some judicious manipulation of input 
data. However, for the casual user of ASHMET it was felt that a straight- 
forward option for this specific type of collector would be less confusing. 
Also, the methodology is greatly simplified, reducing computer time.) 

The following two sections give the details of methodology used in ASHMET. 

Input and output for the code are described in Appendix A and computer listings 
of ASHMET I and ASHMET II in Appendix B. 
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II. ASHMET I METHODOLOGY 


A. Total Insolation to a Fixed Position Collector 

Clear day hourly total insolation to a tilted surface are obtained from the 
ASHRAE relationships [2]: 


h TOTAL. CLR DAY 


(A) cos 6 
e B/sin 0 


(A) (C) cos 9 
e B/sin 0 




m 


(;W) (■ instc )('>)(- L -f a& ) 


Where: A, B, and C are monthly varying coefficients taken from Table 1 in 

chapter 22 of reference 1. 

0 is the angle of incidence the sun's rays form with the collector 
surface (relative to the surface normal) defined by 


cos 6 = cos S sin 0 + sin S cos y tan L sin 0 (2) 

— sin S cos 7 sin 6 /cos L + sin S sin y cos 8 sinoj 

0 is the solar altitude (angle between direction of sun and local 
horizontal) given by 


sin 0 « cos L cos 5 cos co + sin L sin 8 

P - Diffuse Reflectance of Solar Radiation 
L ~ Local Latitude 
6 ~ Declination Angle 

S - Slope of Collector Measured from Horizontal 
co ~ Hour Angle, Solar Noon Being Zero 

y ~ Collector Surface Azimuth Angle (0-due south, minus -east, positive 
-west) . 

In equation (1) the first term on the right hand side represents the direct 
insolation received, the second term the diffuse and the third the reflected 
component. The declination angle, 6, is obtained from a table [1] for the 
21st day of each month. 

Using equation (1) hourly insolation distribution incident on the tilted 
surface is calculated for the 2lst day of each month of the year and summed 
for the day: 

/ S.S. HOUR 6 p M 

< h TOTAL, CLR DAY) dt « h TOTAL, CLR DAY ( 4 ) 

t = S.R. HOUR 6 A^M. 
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The clear day daily total is then multiplied by a clearness index to obtain a 
typical day's insolation for each month. The clearness index was derived from 
the SOLMET insolation data (to a horizontal surface) of reference 2: mean 

SOLMET daily horizontal total insolation for each month of the year was divided 
by the clear day total horizontal insolation calculated by equation (4) for each 
of the geographic locations presented in reference 2. These data were incor- 
porated in the ASHMET program. It is assumed that the clearness indexes derived 
for horizontal data are applicable to tilted surfaces. 

B. Total Insolation to a Monthly Tilt Adjusted Collector 

On any given day the daily direct insolation incident on a fixed position 
collector will be maximized if the collector tilt angle is set equal to the 
latitude minus the declination. ASHMET, therefore, has an option for setting 
the collector tilt angle equal to the desired site latitude minus the declina- 
tion angle for the 21st day of each month. Once the tilt angle is calculated 
the program proceeds as for the total insolation to a fixed position collector 
option described previously. 

C. Beam Tracking Collector 

This option provides the direct insolation incident on the surface plane of a 
sun tracking collector. Clear day direct insolation (for incidence angle 
0=0°) is obtained from the ASHRAE equation: 


SUNSET HR. 

H BEAM, CLR DAY = / [ A/e B ^ sin dt 

t- SUNRISE HR. 


(5) 


Typical daily beam insolation (for the 21st day of each month) is calculated by 
multiplying the clear day value by the average daily percent sunshine (% SS) 
for that month and the location desired. The percent sunshine was derived as 
follows . 

It is assumed, as suggested by several authors, that the typical daily inso- 
lation can be represented by 


H TOTAL = tF1 [ H TOTAL, CLR DAy] (6) 

F = c [a + b (%SSN 


The coefficients a, b, and c were determined from the SOLMET insolation data 
and the annual mean daily percent sunshine data of reference 4 , As expected 
the coefficients varied from location to location within the United States, 
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However, areas of constant coefficients could be determined from the data. 
These areas are delineated in Figure 1 along with the values of a, b, and c 
for each area. 


Equation (6) is now solved for the percent sunshine: 


°/ 0 ss = 




h TOTAL 

h total, clr day 




( 7 ) 


In equation (7) the term h TO tai/ H TOTAL CLRMY is the P reviousl y discussed 
clearness index derived from the SOLMET data. 

The use of equation (7) to calculate the average daily percent sunshine cir- 
cumvents two problem areas. First, the necessity of adding a second table of 
data to the program (monthly average daily percent sunshine for 248 geographic 
locations) is avoided. Secondly, the sunshine data of reference 4 covers only 
one-fourth of the 248 locations for which insolation data is available. Thus 
considerable extrapolation of the sunshine data would be necessary if all the 
SOIMET sites were to be included. It was felt a more accurate approach would 
be to define areas of constant coefficients a, b, and c of equation (6) from 
the sunshine data of reference 4 and then use the SOLMET insolation data per 
equation (7) to define percent sunshine for locations not covered by reference 4. 

D. Direct Insolation to a Fixed Azimuth Tracker Rotating About its Axis 

With this option direct insolation to the surface of a collector rotating 
about its axis is calculated. Orientation of axis is determined by specifying 
its azimuth and tilt angles (input by program user) . 

Similar to the previously discussed collector systems the daily distribution of 
clear air hourly direct insolation for the typical^ day of each month is first 
calculated from the ASHRAE equation: 


^DIRECT, CLR DAY = 


A cos 0 
e B/sin/3 


( 8 ) 


WHERE: 



sin /3 sin S — 


cos (3 cos S cos (AZ $ + AZ) 


] 


2 


(9) 
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AZ is the collector longitudinal axis azimuth angle measured from due south 
with east negative and west positive. AZ is the solar azimuth angle and is 
obtained from: 


AZ, * sin 


cos 6 sin u> 
cos 0 


( 10 ) 


The typical daily direct insolation for each month is now obtained by multi- 
plying the clear day insolation by the percent sunshine term described in the 
previous section on beam trackers. 

E. Direct Insolation to Fixed Position and Monthly Tilt Adjusted Flat 
Plate Collectors 

Calculations for these systems proceed the same as for the calculation of the 
total insolation incident on their surfaces with one exception: typical daily 

incident insolation is obtained by multiplying the ASHRAE clear day direct 
radiation by the percent sunshine term of subsection B rather than the clearness 
index of subsection A. 
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Ill, ASHMET II METHODOLOGY 


The basic ASHMET II methodology is the same as that of ASHMET I with the 
exception of the breakout of horizontal diffuse and direct insolation for 
fixed position collectors (including those with monthly tilt adjustment). 

For these collector systems the breakout of horizontal diffuse and direct 
insolation is taken from the correlation of Liu and Jordan [3] instead of 
the ASHKAE methodology. Calculations of incident insolation for beam track- 
ing and azimuth tracking surfaces remains unchanged. 

From the Liu and Jordan correlation clear day diffuse insolation to a hori- 
zontal surface is: 

/ h PIFF \ 

\ h TOTAL/ HRLY, HORIZ, CLR. DAY (1 

- 1.39 -4.027 (K T ) + 5,531 (K T ) 2 - 3.108 (K T ) 3 


Where: 


K T - 


HtOTAL \ 

H EXTRATERRESTRIAL/ DAILY, HORIZ 


The clear day direct insolation component is then: 


foDIR) HRLY, HORIZ ~ (h TOTAL> HRLY, HORIZ, CLR DAY 

- (S;)( hT0TAL ) 


( 12 ) 


HRLY, HORIZ, CLR DAY 


Total clear day hourly to a tilted surface is obtained as in the ASHMK" I 
program: 

(kTOTA^HHLY.CLRDAY = ( Hd,R ) HRLY, HORIZ COS0 

+ (^DlR + hoiFF^ HRLY, HORIZ (<|3) 

+ ( h DIFF^ HRLYf HORIZ ^" + ~ 2° 5 S ] 

Calculation of the typical insolation incident on tilted surface for each 
month of the year then proceeds as in ASHMET I: typical total insolation 

by multiplying the clear day daily total to the tilted surface by the appro- 
priate clearness index; typical direct insolation by applying the percent 
sunshine term to the clear day direct insolation component. 
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Additionally, ASHMET II has a seventh collector type option: direct 

incident on a horizontal surface rotating about an east-west axis in 
south direction. For this case the clear day daily direct component 
the 21st day of the month) : 

f SUNSET HR. 

H DIR, CLR DAY « / [A/e B/,ln * ] [l - ( cos 8 cos «) 2 ] *dt 
J \* SUNRISE HR. 

(NOTE: The previously discussed option of a fixed azimuth tracker rotating about 
its axis may also be used to obtain incident insolation for the case. However, 
the casual user of ASHMET may not be sufficiently knowledgable of the program 
methodology to use the fixed azimuth tracker option in this manner; also, com- 
puter time will be saved by using equation (14).) 


insolation 
a north- 
is (for 


( 14 ) 
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NOMENCLATURE 


A» B, C, 
«, b, c. 


AZ 

AZ 

s 

H 

h 

L 


S.R. 


S.S. 


5 
l 
B 

Y 

6 
e 
p 

Q> 


Monthly varying coefficients of equation (1); A-apparent 
solar irradiation at air mass * 0, B-atmospheric extinction 
coefficient, C-diffuse radiation factor 

Coefficients defining the percent sunshine function of 
equation (6) 

Collector azimuth 

Solar azimuth 

Monthly insolation per unit surface area 

Hourly insolation per unit surface area 

Local latitude 

Sunrise 

Sunset 

Collector slope, measured from local horizontal 
Solar time, hours 
Solar altitude 

Collector surface angle, 0°-south, -90°-east, +90°-west 
Declination angle 

Angle of incidence formed sun and collector surface normals 
Diffuse reflectance of solar radiation 
Hour angle, solar noon being zero 
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APPENDIX A 


ASHMET INPUT 


ASHMET is programmed for interactive use with a computer and a remote terminal* 
Once the program is started the user will find ASHMET self-explanatory. 

Questions concerning program options are asked and input parameters are called 
for with explanations of the parameters . A sample input case is shown in 
Figure 2. 

The input data consists of 

1. Latitude of desired location (format - F9.4) 

2. Slope of collector measured from the horizontal (format - F9.4) 

3. Azimuth of collector surface (0° south, minus-easterly facing, plus- 
westerly facing) (format - F9.4) 

4* Type of collector-beam tracked, fixed position flat plate, etc. 

(Program informs the user of code number to be used for each type.) 

5. Ground reflectance (if desired) 

6. City location number from Table 1. 

If city location desired is not listed in the table the user has the option of 
input ing twelve monthly values of clearness indexes (ratio of monthly typical 
day's total insolation to clear day insolation in percent) in the format 12F4.0. 


ASHMET OUTPUT 


A sample output is shown in Figure 3 and should be self-explanatory. The 
type of collector svstem called for is output along with the other required 
input data (latitude, slope, etc.). Monthly clearness indexes will be output 
only if they are input by the user. Insolation output includes the hourly 
clear day incident insolation, clear day and typical daily insolation for each 
month. 


11 







«S»ITE( 1, 19 ) 



ORIGIN W j> \ 
oi* r . \ 







t 

> 


3 

3 

oc 

S 


o 

it! 

** 

U» 

8 


S 

> 


2 

W 

oc 

Ul 


t 

" f J » 


s 


V) 

w 
* 
in 
V) 

O 3 “ L 8 

2 8-5 8-53 d 
=\ 2 £r.rfS 8 \?~f 

**■ x<»^ tf> 

*^00 *«mO CP O ««« 

««W MilMW «4*J '■*' *w3*4 W«4«4 «L|mw' 

vh<4 •'-hH wKf»v.*-H *W| 


5 

§ 

</> 

Sc 

8 

OC 

it! 

8 

in cu 

8 n 

J W* 

% i 


3 -*w 

«!£ 


2 

a 


KS s I 


I 

I 

u. 

3 


QC 

U 1 

H 

u. 

M 

o 

£ 


0 \ v 

§ 2 iS 

Qmum 

OQ.JH 

Mil «H ^ 

S hHh ' 

=.*-h § r 


§ 8 
v ?' N 8 

pc n Si? 

Si sis 

SS 5*8 

p-t oz 

:Ss*e~ 

5SiSS5 

-•gf E *~*2 

4 {n 

' K 03 h | 
V Om o 

§s| 2=5 


—i * *<y ‘•'nxp % 
OXXOO^ »OX 


82 8 J 5 ^ 5 U 

ikUlh ggfcft 





NS*4rur»riftolMSn)ntoo 


£ 3 ? 



* * 28 


8 28 ! 

uuuuouuuu 


13 



izifi 

• cnrx((i 

— I 

4 i it Jvw( 

:c * 3 *ot^ v 


* WpJJfJO I 

: cx ci < '3 :* \ 

* <r ac 3u f< t* t- 

;S5Sc«{ 


m u>«* 

V) * ST • < 

£ LOCK' 
Ul-J ^ 1 


tS tts £££ 

o T E? > -jBqp 
oco ioc<i« 
5 - ►- *r ir ►- 1 * c* 

gs sIsseIs 


3 5 


WtFRJM ITIR )«H0RZRD( 1TI3 Jt^tFI 



nnic’wu p v >, : 

^ i’’- k.'!v QL A..: 


rs 

:Y 


5 f 

O 

3 

8 

M 

M 


6 

58 


is 


n 

i/i 


S > -» 

a i 8 

? 5 8 

= as 

fc o 5 

0 n uj P 

1 S 5 s • 

X * fc •*■ . 18 

T 3 S . i $5 

; 9J •*■ 5 P • • ~ 8 

5 ♦ 8 S S3 8 8 ± 

<A Cl 3 U- rj;T ov SIC 

M V) M A 80 I s * «J ^ w 

£ m ~ OK l/t 09 • * • K Vi 

5 9 2 S b ~o S .¥8 X S h 

Pol- n O » I v> o 

~ P < 3 »- c> o *-» vvomgi: «* k v g 

5 ** ? o 8 SiffiSs D S 5 E 5 

- i 35 li £ 5 85 5 $ ^ 

■; 3 _?= £s - - 2 ! Si 5 .?- a* 5 a s 

5 a™ s sal si a s 6 s ssggs fs s s s 

h ^S3 !j <j!** R ■ o^c oP !j p 5 03**85 w 5 5 S 5 

m **v></>ac 2 i»~*-P-^ > *-*- 0 - 1 - 1 - 1100 x 0 * jj g>aiCnw«J OjJ *j v jJ 

8- U)ww3jcV)J09C -* Uhmm - I XW UJ >0 X • *SO wO » Q O 

5 £K88»a^§*258 K SA-tt£^~-a. £••• a £ w 5 g iS8£*S£S£S£*S8 

• • • 33Si5A5w^r >35cS*aM • v5 E77J 9(rai2 w , (k r‘ fl r , r K ^ y> ^ ui - K 

>-i jests*- *-►-*- j u></>p •-• 2 - 2 - _ o^r 

l82SS88c!R5lTT^iaA5AAS.-fcfce °lfe ^?fcS s ®3? e i$ g ? e ? e l 8 

8i£ii»8iS3S^isi S 3t55£8sis 5*23 §iiifc8^2s 8 2828isis 

* * i - 8 ** a 3 S i I 8 S* 

oo oo o o 


IT) 


uuu 


oo 


0U*RSHni)-l>LYSU«(«)*( •WEt»rTSS(«)-3#. )/-?#• 
00 TO 590 

Dl«$a 1 «> -XYSUA («)*(• OSCSTPCTSS < A >-30 . )/70 
VKPRS«- V^PKSIUDLTOSJI ( A >*W*YS ( A > 



8 

*- 

o 

a 

o 

o 


o 

a 

o 

u 


o 


-J 

© 

© 

Q 

</> 

3 


X 


s 


<n 

to 


I 

V) 

3 

3 


a 

*-» 

#- 

<x 

•* 

s 

8 

u. 


in • 
L.l/> 

»u. 


»n 


u> 


8 ~ 

u. ' t: 1 

*' 2 -JC 

ok *-. x * 

P8 a fi .s 


““ » ■ X * 

er. oJ^A 
« u. " * 

J«M ^ «*4 


o 

a 

~i 

© 

o 


£ 

o 

g 


8 

u. 

s 

b- 

5 


O 

o 

o 

e 

s 

§ 


o,j 

oo 



i s 


a S95gj SI s S S $ 5 ksjJ 


s s 


1 « 


uo 



■np IS 


g 


1 


ft 


U. 

s 


u> 

u. 

ft 


9 t 


a § 

<\JU>0 •-• 

nk * 0 » 

-ft* I 

| “.•’ft 2 

Z M » 4 N 

WU>«» 

Mi. * > 

*~» MA J 

£•8 8 
*j • * a 

« \pm ~ 

k, • « 


$ 


x 

nj 


tool 


»x 

• ru 


• « W 

2 g r 

14. O 


a 

u> 

N 

e 


4 U) 
XU. 

<U * 


®S Ml 

” ' » h 

<uto* <l 


% *10 o 

HXU. (a 

» fu «* r 


'ft u i a 2 


~ *X Ui 

+*mr> □ 

« • ' o 

mr 


s 5 

K w « C 

* Pxt 2 1 

m n i « 

\ 8 «si 8 i 3 

x h<2 mocp' 

% ^tftlAHX* 

S >ij 

|^i»s|# 1 f!| 

S 8 i!g*£ . 

8 as 5 It 

(I <23 (6 w '2 


M *x M 

*•01 
*> > 
co<o -i 

*“;« * 
Sxkcy 
cnoj -*tfi> 

i.'fti 


o 

s 

o 

o 

»- 

g 

§ 


a 

V 

3 


«- 

-JfU 


8 -. 8 


8 


2 * 


S 


sS**!S 5 * 32 fe* 

^wt>(o «*w 5 <r 

if Jtflvx r^QMAOOO 

®ou .«SQ^&t 9 a 

<0. *UCo3^ U) CO CL 
4 •x " ^ 

fcxru#- »rextt * 
□ ▼ ox o-rbbx 

^•| 3 Slw 22 - 

wHCOwH • w|- w w *— 

iu«u.w«uui«uiuja 

hf ^*K m ^KH^K 

S 2 "i 52 !i:«£ 5 S£ 


Z 

8 

> 


§22 “ £ 


o a 

g K 

M Q 

cn £ 

« 2 ^ 

s ^ 8 

3 to oo 


OC M « 

2 5 g 


(A 

5 2 

*JH ~ 

cnaa o cn to 

^MM • 

(S «H* 4 Zz 2 « 4 L 
>r^x«« • • • It 
- noa»- 


• <* MO » •<£ 

• • * • % co go ♦ 
goto *toh» 


i i « « « « ma ma *ajioSo * «*r^ • • 
• • • « »nu> mu * «tu • • »h» * • 
rururumm^corg^cycD • *totf «to<* 


3 


'Wtoru#ryL 

* * » 4 4 » »rt MAtAD 4 MO 4 • 

^OJiCnnt »u> »onn ^•An.n 
utSmnNnnniK *eS • « .^5 4*c* 

RftSRS^ :i*.?88 fc .R53RP 
33533vV .v^ica^saas 

4 * * * 4dkOltAOI 4 * 4 4 * 4 * 4 4 4 

• %# • • t n o*ooo 

**f\jri^n • . » ’•goiANoSuxyt-n* 
r- r- r*. r- r* g g *g^*(j5t»ib %2o*oa«ot 

= je?fPP»ii^. : 2iS5s5a58S8 

> * 4 4 4 *0 ONOrt 44* H * 4 *•! 4 * 

r* • • * • 4 • 4 4 • • * 4 • • 

o ~ 'o^ppooi % * « *. *to * >n«o <(Oto 
~ r^r^KNN • • * < 7 >K(/>r>®ioNto»* 

* 44 * «OOODQJQ 40 «*h * * 4 ) * * 

* ♦ • • 4 * Ob 01 01 Oi * »**H 4 • •** • 4 

U> • *»l •*** 4 •* 4* * *(UtA 

w # 4 iw cor- «« • • 4 -tor- < < ry a* cfc • tm 

* **4> * * 4 « *r* ®44fU* *U)(UO * *(f * 4 

(A tXh Ob O Ok Ob % *OOn • *• • ♦ 

V) 4*^0 4*M\|#*ft 4 4 4 4 M\J C» <M 0 9 

h wo £ r^tor^ooN • ♦ • *r-r- * * *OS 

O X& *► 4*4* 'ttl^O * * *tf> * 4 • 4 4 

£ k *<^ •OOo* 4 * *uto • ♦ ?n * • 

u«£2m PPPWrrr: :P22nSP2SS 

OT *a«* *****♦•• *((4*4*44*44 

mIim “* * * * * • » • • • *# • * * * • 

i^rr ppp?p2S22np&8282S81 

Z^awtOtA 444444444*444**444* 


X 

(JO 


8 

CO 


00 

3 


2222 2PP338X852PSX6SP*g8 
"gtsa : : : : : : : : : : : : : : : : : : : 
a ss 22^333338S38S3S88P8SP8 

^j^j^^^^52S23Soj!2 565288P5JSPP 

iEgg|^t:''ld , -o| 8 B 3 S? : : : •* : : * : : .* : : : : : : : : .* 

aKOwou.ku.o<qz 5 MM 93 ca)vaiAMn(*a|Ar-nN 9 niiM 4 r.N. 
o 3 u.Su.— .-uOaOWoouiwagJgjjjJo.ggfc^iotfg^jjggg 

I Ml 


1 



* • • <£ * 

• 01 « r- r- 

(A « « « «HJ 4 4 4 4 4 4 4 * 44444*44*4 .4444*444444*4*44444**4*444444444* 

«f 4 . * * f'' • (\1 

(yK <£<£•*< - op Ok o> u> r- •'C v -ir>rui/>wajrunjrvjf\jru*\jaj(\injruajmr)r^nr v u/>r-D'inrnnru/u/>LrMj>n , r^mfnruajrururuAJ 

• V n aj W r? r> fg • <\Irv 10 uv 2 oo r? l, T r-\nao «> u> ® oo r^oo it rn co m o u> m oo m r^ao uC r? ® ® r»> * r^r-V'r^i/k r> oorM^oor^ 
— * C) f- ▼ *,r*- coot OoN o> •cuoi690JN»-*i?kLDoou>nc7»aMj3nr-*-*r-i/u/>«-*'r , « K r^v<pr^v’oo®a>r-r^i/)r-n<BO)<»*-iin«-*ci^ 

\ TivV ^ri<yi^Tt^«<i<>r»fo^oooJo!a»® ^o>oo®r^oir)ricufuo»-*ronrj • ka ♦ *-i a> oo -* o» ~ e»r-c*r> 000000 m oj oj 

• •nrnvoukrirrnronrnrn %n ^rornru(urnmajaiPiaiairnr)rnrn*r*’'r , *“«c®vr M n^*rrnr*Wcn*r?»7< T >fnr)( T imrjcir ; ifuM 

•s ^^••r*^r*' 0 :rrrrrrrrrrrrrrrrrrrrrr r ;r r ^rrrrrrrrrrrrrr?rrrr 

• ?ooAJfU<* *r Vajr“S^u> o» conn moo ru®mr-^r^ ▼ oot»a>f* *w *njr-®r\jr^®ruoo-*mu)— iC*wd *. *-*00 l/> 

'(A^ooin< v ctr w o9r'{>aioo *on/>ir»o>ojoJO>r- r* r- (i ok od vo u» 05 o> i/> oj oj ® ir> ▼ <0iA<0UkiS>u>is>^r*fioc£r»NimnuPiAUku> 

V A * *N ******* 4 • 4 * 4 4 4 * 4 4 4 4 4 4 4 4 * * * 4 * 4 4 *CJ *C3 **** 4 4 * 4 . 4 * 4 * 4 4 * 4 4 * 

• .at • m/> c* ^ ® ip r> *-• <* <e w up r - id ▼ ▼ w> m I s - lo r- *-« fo ui in ▼ m i/> ^ r- -oj • cMocsp^Okr- *^r^tr»o>raoon^r taw^t 

• o»Ncs««c*aQr^<>ooooic»Cft %»u>u?u)r-i^r- r* r- r» r- r-okr- N lo 00 <*j ui a> r- ujirtosinF-oour-coukojokokr-r- 
got %*»%*%%%jj***%%*%j»*»***%*jj***** *»%»**%•%••%•%%•*%%*••* 

• • tr ru rVVy>pav0C , “(fiO)0^O3r-ajrvjc»*-*rufuci>rnn-u^u3i/)CDr^'^^fncnr r )r) • ci • 

• <ra»car)OCoKf&Sotai3 %c*oir-r'’r^r^r^r^M^r^F-ooe^c^Kf^cooou>ooooif'“*‘ooi^r-r-r'-r-r^r>-N!Rc5w«i k -r^coK3 

8 m » *#«4 4 4 4 4 4 4 4 . 4 4 * * * ***** * * * * 4 * * 4 ^ * * •© *® 4 . 4 . 4 4 , 4 . 4 ** 4 4 4 4 4 4 . 

■w-* • • *4 %•••*•• *nj ••••♦»♦♦#*»*••••«»** • * •< » .-• •«••.»♦••«»»»»»»»#» 

* *ru rvi * • uDTOt^ UktfkOQ<$r- r^nn ^ ^©aif** *<r> *~»U 5 fu — < nj 00 m runro ci *— « *>mcooo*-«irtr»^ tr® *-**-• or~^ ▼ 

* * o> 00 •4r®diw»5aiDi*^ot(i)r-f v *r“C w r^i s “0)f^K( , -iijr*! s 'r^u>o5oor v -weQ • o* *eor-r^oor>r^r-. N -oooio4ooior-r-r-r-r^F* 

* 0P % *D# 44444*****44**44*444444444**4 »*^ *M *4*44*4*4*444*44444 

S * * 

*4 4«dh opn^vna ^nr*ai ▼•«* oj*-» -*<\) 0>cp® •-•ctj m r> ^t*) caruro^ ▼ *■ ^ *-*tnoo r- ®ioruroirc*<!*-«^ <*<r «*ft(U# 

* .rtop *. * 090 » oioipk o»o»o» g*<$ c^f^r-r-r- t'- u5 r* r* u>r- r^r-r-ujoo air- wso *o> *tor-Nooi^r-r>r^oo^c»coti5r-r-r^Nr^a 

.A * • .<0 44*4**4*444****.***4*****»***4' 4. 444***4***444444444 

njOl * .(f)A ' 

*-< • Okw — • •5ooic»OfcOo6>dbbfcC7k«»r^r^r*'r^r>*r-r>-r^ti3(i)r^r^r^r^r--(x)CDooo3no^o»*^coNr-oor-r-r“r*-c3 0c>co(~jr-r-3r-r^N 

:£ • • -qj .*r.rrr*rrrr*,rrr*..r*r 

S *~**oopt£oo 9 c»f T i*p»iAOon!^(\j ruiou>® ru*-»oir\)pjm<»® *-» ** *■ r- ^ f«ino in JPr , P*^r' n <® uocu cumin ukoo 

«oiiwoiS(^oioooPOi€o&coc) uor- r-r v *r N “f s -c v -Vfc)J^r^r s -*3r-( s -r“r v -oowr s 'Cococ*)r^cTsoor>F'OoNf-f*-KcotJC3C3C>Jr s *r-r w c ,, “r s *f^ 

sSsjssspss^ 

P *oimnj^r^*^rpqi^Vi^u>r*ina>*rin(X)oor^wwwsoci^^p<^^w^^w^rnf^nj(oinii , )0>Lnrt*-4fti^rfO«fur-TT®W> , rC| 
Ckioo690POPOOOPaoocH}ooa}coco(/)OkO)c^(^KooNi^r'^r w (^r-(^r v o>tjr)^<i)r^co^c9(^oko>u3o>(^u)(£r*'OJtjr'Nwo>^'(ikr'<o 

8 - ww^p5f^o»yipIf^njf\j^ronju5® ajcnruru^cvjnon® ’ri/>o)f^^if>ojm^rururu<®fU)U^n^o3r-nr-08u , )njoki/> 

OfcNooKKF : F“F“Nooc»cncowu^^okO)r'r-oor-r'r»r'r-o)ti)couj'i)u>o3ojwi v -(^Nr-u>ukO)o>if>i/'i/»(-Nf^u5r-i/>iAo)o)«»ok 

4niii®oiuiu!^flk<wWri-^ooo!*-^iAP-®^ropf^C7kC)Cftina>«)€OfU'^nj^^Qor~( < p^u>flpr-a3Puajr-aj^^cuh'Lf>r*-fU^^’0|r^ofy 

^^^is.o)o)r^okr>(^a3oor w (^coini/>C&o)uDo>r^o)o>o}u)^u}a3u)u3O)cocoiACoo)t/>r : -o}ir>c6o}incnirti/>r>( s *t N -u)r-u>(/kd(i>w<0 

mVooi^^(ioor^riPoc*»»*f w u^r M ^WCot^^oo®u , >o»oio»^^fu» , io3^ooco^-^^OfUoo®*-*Lf>®fvoc»c\jo»*^c5o>rnr>oorp^« 
Uo#0)Kwu)F-<flt-r^aooivw«[^i/>ijr><iJu?03i>tor- Lotceoi n<ot$u) M3 odojosujo) ir>u5u5 t/>w Ok u> J) Sce<^Ny^04/>o>^ 

SPSSSSVlSottuLOlZ^^w -i£f r oaoaw^DD3x>«Moouju.oiM^wjti!oiic5tty>^!b5S>(>J 




uifliwwwwwnnfinnn 

KsssBSsmsss 

$P8MVa*W»8Rm^ 

3?8?3?85RRR»R$?$a3?$538$RK)(;3KM$585588;?;358 

SS333S8?uit(9r 

3¥S35SS8C3335PPSPP8P5PPK386i=S8P88SPP8P8a833 

S3?3CSSS!5u!KS’r 

5S5883?PPP??3S338SPPS833PPPPPPR5?PPasP83833 

PPPP38S8P&PSK 

383PPPPPPPPPP88888P8P88PP?PPPP3P83P3PSSS63^ 

?P?P?33rP?P88 

5?:ppPPS8P8PPP353SSa*888&ffPP??PfcPS83*PP8888f: 

C?Piess5f??iepp 

»|CPppsS888P?P«S358isS8*S8P?PP?P81fi88SC8385388 

PPPP?88JePP8P? 

?^pp{S83SSP?rP823888388S3PPPPPP888882aafS6PC 

aPP?8S8P?3??3 

PP3P£PPPPPfc£PSPaP38RPPS£PPi^ 

3&38383SS33&3 

888PS6PPPPPPPPP8?iej8iePPPPPPPPPP?P?P3P??PS868 

8363335335338 

3335838533PPPPPPPP3PP8P3^ICPPPP8P8P3PP8P?S83 

K838P83333a?Q s 

^333583833383£PPPPP8PPPP38888C3PP5SPPP8PP838 

3553388333^ 2g 

*8?88888a333S3£8P88P83388^ 



% * • « 

• • %r>“ • 

« tor* • * «.r- 

* * *r-r» • * 

■X .*S5.'*MS 

•mo- • • la oo 9 • • *•**••*»*%***«***.**%***••**%%** *\, ^ , 

• iA •▼ • * 00 *V9 9 »•**♦«•«♦»»*«»•...#.«»,..,,.,*, ••*••*••*, 

♦ 'T t ♦ cam** Ok • • r>LALALAiAruLAiALALnLAiALALAiAiALAcnr>LOLOUJU>ioLOU)u>ioioiAiAiA lAimAniALArururu*' 
« • •m*_»®<u * *n •• ' % j J .'_?*** • •_***••• «%*«««. 


»# 

• * hot •u»r\ir>©(noor^fUfurur-«®®® r-«>® lADoor^ruoofl&i^ajruuioonj co®mmr-~m®iA®co 

hntnT ‘rin «aiu(u •& •r>r- ru a <oo> a- r» ** ** ot ® ^ ® old ru ru -r* oo la m ^ <o lo ruru o* lo <d c\i MinrivHr-oiotan 

• * ♦ *jW « ' 'jW^*^*** _• j _•• • _• j * ••••_• _• * • • _•*_•_•_•_•• • ••••••«•• 

Srri 


*ji 


• m ‘rnriLAmp % % *8 • m •ojnjfU'e T«©nn®^^® «»**-iLALOLO^rmir>LALA^fo*-fl*ru# ad^ooM^mnTT 

i «a * ^888 *5 *& r r * * ,* ' ' ' ' r r ' ' * ' * % ^ 4 " * * * % * * * * ««»•,»<«««. 

8 1 «0|S^99 * • •Vmm®ruV^VVg3ru^akru®mroc*®cAai(»®iAOO^iAoir^»ao ®o^ruoia»LOO»LOLA 

!r*00 «OkQOOk * • * * • ft »lATTlAl/>lAlfit <r TIAV tl/)int > ^U)iAlAU)UtCOU)Tf s - , rTtATt/k 3 tU)NU)U)Su><Ztf 

hn • • • • Mfkfun *r- •**» ^^<t«.*>*****%*«L**k%%***%«,*«,*%%^ < >^, %%*'.» *«.*»** 

• % *A * • •0kv«U)« •© f«**i»**«f.i««**»»«*.*..«**** ff •••*•••••• 

S « f*> om*i 5 • i4 •^•^••^• < ^i/to>o©noji/)®oju3®nr»®r w ^<p)LAt v *i/uA®(finiAU>fuuKuokni tAiAiAiAnni^r^ur^ 

• Ok «Oldk« • * *~+ •• *l/> *■ + LA LA LA LO LA *T LA CO U> LA U> LA i/> N F- LA U) r- LO (2 UJ l/> I s - LA LA LO ^ <3 UklALAr-lOlONKPr- 

«v • • • ««4<U • • * • • • ••••••••••%*•••••••••••••«••*» *%*«4««*«,* 

*H *00 « * *®f w D *** •■00 ••*••♦•«***«•#*»••#»»•♦•••.•»•• »»•«»•*»*» 

S *u)Okjt •9(0(uncAf oo(utn(n*4r*A(\i«4(o«^oai/)r > *r>ooTr«iAi/wur b AiA# ^(UOitvcQ^^uw 

• a •cocoa* ^^^^oo^louhoumoloa- iciclca - 10 F- r - lo co r* iof^ooc^^-oou>oouoLor*u»f^ r-LdLoNuSc^A-Pr-oo 

^ •« h> *o* c»_*»*w"*^® *®ifiwu;OU)ii>r~U)iDf^r'-f*r'-f'-r''u5ooKr-OJOC7>ooOM‘'-oioooor-r-r'- r^uJuK-'or^r^r-Kci 


& 


a t 


p_ 


• • •»-( «o • • * 

•o»^oi(fl»n®*<o» • • • •*« *00LACO00O»A-*-*o>o>njrv»*- 4 mmpe0^‘-“«00— «LOLprumcoiACQnjcou>ak sniootf^oonnooh- 

r* *ft *w «Okd *w*<® * ip Lou>LDr^ LDLor*- (DU) f* lo oooo r** coca o> tooi CTiatJ(j)(S<D r^toiot'-r'-ioior-cCk') 

«•*»«•««» *OnUO *00 ****.**, <l ,^*.*«^*^ii^*» > i l ,*^***,, «•,«,»«««««. 

• r- *r- *oj • *t 'h^®huih « . . . < 

• ot#ot^conjc*«Lo * •^ •• •okio**-* 
r* *A *oi •pi n^Ok * * • **^ • Co Co ~ 

• »*•••%*% *v>5 • ia *n 

• h • »h *a • • • •ooiyo * oo 

“ *4 9 g» 5 *’Oo< 0 iA*>i~t 6 «~*r-*~i 


A*r-A*u»A*A-r-c^r^r* 


4 for>co«H9^40<\i9^rncAr r )<o9rnoocQ-TLpnjoo#LQ#n0O otrucouxoA'OoruAJA- 
U)r- A- id oo oo a- ca co o» oo Aoookot 3 FNn loiDCDA-A-ior^A- a- w 


3 ^***®2>®n-ooLfl4A*-«-«®**r-*^L£*'C»Mt>ooLApgc*ooooo>®r\j~-4- 4 f^-«u>ru<r*r'-r-u)r\jWA-LA*-«r^®oo o>|UN<ntikr>® ▼ cit* 
•4Ok*4OiHOk^A0k • *.a» •<£ u> u) a- lo u> 3 u> u5 a* P P a- r- r- to oo ^ to co oo oo a- oo lo oo a- a- ui a- Co u)L0v a <3 <im^ a- a- 3 




523Qj«aj3{S!pp|(» 


lo co r- u) to lo to 


TU>t w wn®O|?V^’OO0 , tf*W'»f^rr^^9CO*-»rucO'rfliflk«k*-*«O)furur-mcAcO(O(Apoq#®<(ttr-CAriru*^ru moon Aio~*m'r <u«o 
(2»Wtt»0*WCilDW»a0l»»bl(2l3tf U)lflU>U)lOU>LOlOlOLAU>U)LnA-UUnPN A-LUA-OA-LOUklOLOLO U) LA u> K l 3 u> a- a- A- P 

•* as ▼ ui oo ru VO 00 <0 ru • m m *■• •* lo oo *-» r> oo *-• ru ro m *h rn in in o> 9 lo cn n oo ▼ *~< n ▼ « w o> ru w x oo *1 u> ui *4 u> u> u> 
U> ©oo oo oo di oo ao oo oo dk 0* oo 9 oo <0 u» ^ la u) la la lo ia m in la la ia u> u> v r* <£> la r- lo lo lo u> u> r- lo uS in ia la £ U) lAint^ o u> lo ld l5(0 

* * . » • 4 

a iA AJ ir> ^ 00 cn n ^ n oo ^ ^ Uk la ^ rn ▼ c» ia to ex ni lo at rn ru v oo ▼ r«t eo ( n oo ui ▼ oi U) (/> oo r- u> r^- Q l oo uo «u ai la • ri (U (*k 

K»OOClOOOOO«OOKoO«O8OO0Kw&)^-rLDir)lALA^^’TLA 4 r’rLALn^C5LD'<C)UJin(^LA^U5lALALAVLA LA VLAr-<i)(A(Z<i»uSu$ 
i ripl ion 4/k u> ri V m u> *-*-* 4 — — ’ ^ 


.OQCLA*- 


4 rmiA®LAr-r^^^oo^©n®LOL9runj00LA00^LA?3kLAf^%r-«00L0*^Ak(»00»r>nui 
LT LA LO i ▼ ▼ ▼ U? T ’T U> LA ▼ t C3 # U) LA ▼ LA LA ^ (O -r ^ IA ^ LA 3 m |A rw IA U> in U) U) ?• 

k-5D3x>«ilOOEljLOl£H->W^ttOQ.OaviHJD * X > «M OoSll3 




p::h:'N \l pac;e rs 

x'i’ * (,1 M.il'Yi 


r* r- • 

t< 


.*8 .‘ s . 

T» •»* 

*V4 « * 


V f\i ru at rurnm n mm r> *n g m oi m r* <n n n c*i r> d m m pi r*5 P ru ru ru ru u5 <d xo <d ui i£ u5 rn ci rn n fi ru ru ru ru 81 V * 

• ^ 4 t ««« « » t k • 4 • 4 t « « 4 4 ft « 4 ^. <. 4 « « 4 « « 4 4 « « « » « « * « » 4 « 9 l 4 « « « ^ 

PPJfS83!)j«835^ :*33S&8883(:3???;;$t:338^ 

?*???*rr ?**?**6 •rrrrr'rrr* 4 ? *» % % ********* » 4 4 4 4 4 4 « 4 % » 4 4 

CSt&3?3£3?3i?ie?j£;?2?£KP8?8?£?8^ 

**•***»**«»%»% %A 4444444444444 %€} V Ok 444444 »* 444 * 444*444 4 () * 4*4 4 * 

MSPJSPPSSPPPPP rSaPfcPSSSSSfcSPaTv^ 

44444444*4444 >-"g 4444444444**4 ^ • * 444444444444444*44 *Q 4 4 $ * * 

S858PPP8SPM8P rs?*F:Frsai^S^PPSPS«n-t'r^^PS^^SS5fS3CP^{ep:p:S#f=3’h8a'ra8 

'Si ' * * 44 «* 4444*44 J *«^ 444 * 44444*444444 4 rl * 4*4 4 » 

SXJSfPPPSSwSSSS *SS?5«S?5P2SSSS 


-‘8 


5883 ££?: 8 S£SSS • 58 P 85 SS Sl^SSSSffi^^S* PPP 3 £SS&SSSPPPfcP 888 f: 28 a ;:28 


R^S 8 PSP S?PPJ?^ 2 pPS(^^Sf^ 5 r^PPP 8 P 8 S 5 P 83!3 8 SP 52 cS^ 5 o 838 S? 23 C 3 SP 8 Sil^JS 

jtstesaritsss&ssa^^ 


r^ 88838 £ 8 u»! 2 S 2 P£ 832338382 P 8 k 8 P 388823 >SM 23 


wmo^uwuxrtjnN 

UUH 0 tCUHi>U>U>lAl£ 


B&fiiPBfiSie 


2888 S 8 KPPS 8833 £ 82322 a 283 iC 225 ? 58 ? 83 ^S!?!; 2 S^K 333 S 853522 S 8 & 85 P 



21 



■» 




II 43UMS* 




p 


Ui 1 ^ 


-l 


1 \ 


~«ru 


> — pen 

-»(VM 

Q^ittw 

% Op 
A noS 
ftln 4 Z 

*4 w'' UJ 

W Q(UK 

5 Sr-: 


nitnoi!) 

:^S 

UNAIZ 


S 

\ r- 

»J6 . E 

*-• * CO *-4 


00 

K 


*mot 

H • * 

• 

cor- ^ 

~*m-+ 

* • i 


IS 


SI W 


S * 

•? 
co tr 

\ »4 » 

iD * 

S •<? 

S s .» 
• •« 


o *( 1 ) 
« » • 
— ruru 
• r 3 -t 


« *2*1 
* * CL 

i iii 

(y « 


5 *ot 

2 v SXl • 

• 4 «A 

* m * #?g 

i ;*r* 


m 


• 10 
%<r 


|\o*< *U) 

rtr> Sir 
«-*ru (to * cp * 

• % ' CO *A '»4 * 

• ft *ot 



\ 

8 

2 

M 

8 

Ur 

£ i 
£ ¥ 


«*4 

(UKnPf- *.0~ * <L CO 

h P 

^ kw«-'tu k«*«4 ff h 
■ "ilpmuh^ww 2 * 


vp _ 

to <»vi «, r~ 


o 

* 


o 

w 


<£ 

Ui 

! 

K 

</> 

*K 


s 


c 

8 


1 „ 3 


•“ 

O 


$ 


8 

<o* 


i*V 



‘JM 


ter— 




S 

o 

$ 


i 

a 

& 


r 

8 


8 

> 


5 

3 

— i 

5 

QC 


P 

•J 

o 


to 

a 


8 


<? •"» 


<C 

8 

?- 

*— 

O 


<n 

w 


V* 

CD 


ru* § 8~2 8 ' 

•» «« «-* « ~ - o ^ ® ' 


s 

is s 


KouiOu.SOuid 

au. 5 u.^*!lu.Qru, 

01 


«2“5 


8 


woint-m 
»«»•<»& 
▼ Tt^r t 


l~irt 
> ®tn 


, n« . 


« vHfltOI L, *®*« *mJTO »hZ® ■*-*•>* 

»X~« •* ■ COX"' -YX* ’ "Y X ® “% 

+***•'* *Ht »0 **-»(I >0 

«>< V *wy vHv %w 00 »-•►-« *+ W «UJ VNW *Ui ** '-»• •< w IP •“• 

H**h • w v/ (- *< * «-i 'wf-Hf-C) 

Ff QCwrior^wjpKQMf-KOM^rQi: -»►* 
BSwSu.apySog^go^^d^u.gag.ivig 


M 

s 

§ 

o 


cx 

w 

a. 

8 


> 

X 


1C 

fU 


c 

o 

QC 


3 

M) 

w 

QC 


2 

QC 


UN V 
'S' 

OQC> QC 

ZJ UJ C* UJ 

O *-»!* I *-« 

JwJmJ 

OQ I IV 

Mft.M 


’. j *4 r- kj t ^ 
•-« “I ^ J O - 

i-CjC' *-*u> 

<t E *i»-0 
ow <* * <T • 
o 3c in I s - ^ ^ 
« q 

‘ mocn 


2 £ i? £g*fl *^2 

lL (C jKwm * -4 

n JJ CL 9 t in ha -i i. rv k. 


^5 


plJtJ 

□ •*« 


_ . xcdoo~ °cnx 

% »CDC5 

H ^ H v4 

f— *w|-' 

uj<t<ruiuj — aiua^w^ 

£sg^§rh§£§§ 

QCOO 
3U 


55^5 c 


fe3l- 

Ecn^ 3 i-cc 

3 ►« in *« • 

\fc**!! 2 !«l 2 !« -*5 I 

XUpC*“M*'X>"«fU • t. •* 

^^oQcicrc<?oc^«o: -‘ye % 

^wa^auim. c ^* 4 

lililu.LLOli.wOpIftH ^ 1 

^38m 


QC V S 

t& 8 

yo r 

<1 M M 

ah 

*-« -j 
JN « 
KQ' *- 

a oS> o 

W24h 

L.M^ 

Ope 

-<~J H 
<tr,N 

> r-C/3 
\Oh 

0 CX~»<t 

OKO.J 

03E 
UJ ►- h- 

3^5 

o«ou. 

0 S^> 

U, »~ld 

QhQh 

*3,!3 

fcrTiQ 

£*-• 

Zm»-K 

C/lO 

oia^> 


■ Ui * 

KI-] 

o»-> 




.WHY 

MMtt 


8- 

CD 


8! 


8 « 81 

CS 


58 


c*m+ 

8- 


o 


OOUOUOOOU 



t-> ' r,r. 1$ 




ALITY 


ni 

sit 

MM 

I— 

St 


MO ^ 

<A 

5 1 x 

»IS* 

55? 

0 >UJ 

j-si 

5 W | 

LQp 

m 

i;*. 

»- JM' 

MMW> 

5t2*§ _• 

£>ttOH <un • • • 

jP w • 

PI t ««Ul « «m i m 
UJh^O(U(U(nt**«4 • _ _ 

XZJHrlHffSl fl • \(/|ZaJ^£ 

momK « ■ •O.KOhjhow 

»-ui pcscc » 5 <loo'^hov> 

OOCJ«(U(Viv(nv)Xtt>h 

^^5eS8^?ocg3S|lsfeSS25=iF:^ 

* % MfiU.OlAOOxi>Q>>U ►JOWhr 


& 

l‘l 

A 

£ 

£ 

M 

s 


a 

a 

o 

§ 


Q 

S 


<ta»-k 

<3 hKJ^-JJ 
HQCiaOOMMKMH 
aFJJS \h»-KNN 

‘ “ o<i<t 

S3S 

* • 




oS 

I X 

ji 


w E* ^ ^ *«• 

HACK QC 

^ \ W w p 

fU ll.~ -J-J X 
^ ucoo 

- BsSB t 

* i$£S S 


S 

\ 


in 

in 


<r 

j & 

o in 

u • ♦ 

Q * M 

m mi c 

*♦ I w 

fr- • O 

5«S M 

-I t ~«M<X 


I S 


*^“4; 
*-5s Ji 

%c; 


V) 

iCzIl 

lAhll.J * 0 #wfiw 
»afo^ »|«4 v 
( 0 O|^ ^Jvnn 


f ~ E 

ft w 

mm i- 

8 ? •! 

Iv I M ■ U, 

|t±~8 



_r^<-> 

St 


5So 


<M 


-*-1 IU 

eg ru 


> -J f-»< 

: §lte^gfd3 g St? 

1 


U 


o 


o 


ooo 


uuu 




♦ 


§ 


w 

i ►- • 
• M9 
I- 

• 4A V 

hh(D»-M^ 

*#- . a ^ «tf> •< f >~ * 

i 4^fc • gswisk* 

—~gj> . a -« •» t -i ~ .wuj— 



|SSg% w ^S^25EriS 
gVT3«2EiS8^t£P“!§ 



3 

o 

N 

0 
w 

<u» 

tn 

1 

cr 


> 

s 

w 

£ 


SS 

t* 

»- 

« 

r> 
~ tn 
« • 


5 "5 


HS 


ro 

L 0 


i/> 

♦ 


o 

M 

(o 


s 

& 

* 


•? S5S 

«*0 <c «^-3 

58 L^rv 


je« P 
t£ lit 
islsta 

£8fc8eS 



o 


o 


oo 



ORIGINAL PVR' IS 



n>»Div3L»im)ai?CTss<ii)-3t. >/?• 



* 



e 

16 PSgTt 
• r3t WN 9? K 

C C C CC^Cvf-Nftvl 

? | f | s g e ?|ife?Si 2 ri 

3a888s3^lis3h9S^S 



«4 f (u ru furu w n n f) t ▼ Tttt 

Slo Sis s u> iXSgj n s s [x s s kssk 


2S 



I 


< ’ ' ■' f . : x *. 

< - i \ ' - v . t . .\Li i. \ v 



25 * 



B fc 

> M 

r s 


a ft 

■ H 
ill 

j? 

UUIV 

x*« * • •* 

W *yWWi. w 


ft ft ft 

• *CD 
<OCp * 

* 'f- 

:^S“ 


« • 
•U> 
10 * 
*ru 


* • * • ♦mi/> %fy • . . .^ . . *n . -u»u) * • , « 

(U(M(\jnO)'t u)(M<90J(fi • *TUIU) ‘UX^ftlrUKOH * (0 10 COCO t* A* r- «NU)(\IIA(U(U(U(UAI 
« • •. « * • *«4 «ni *40 W) m ft *w * ftM * ftft*[Qftftftft«* ««««*«*%% 

?8 * * *Soco *2jS^?I?2J jncaa^aiea-jasBtiessBa 
: * *i s .?S3 £ *R?3as :ississRXKsaa R jsvaa?^a5s 

00 - % * ft * ft • * ft «PCI ft ft(0 • « ft » 


r- »*<*>(*)<«>* 
totonor-mci 


90lg 

asssavV ^.ssa^sass ^pa^papspxassisaass spp 

* * ft ♦ ftOAujo • * ft ft • ft ft * * *^oi * *r** • *ftftftft«ft«ftftftftft • * « 

»••*#* *a • * *ca • * * • «••«•»•**•* *» • • • • • )•• 

-*run^^ • • % *#<oiAC*c»infti£cn*“ " •pur •r»ii>onr«nAnwc^onPf*-c*^ <rpp> 
*gj— «3c*c* ton^r^r-co^caw^-oocoujoic* %c»t7Sw or^Nr^-Kf^ 

ftO» ~ 


*A • * • • 
-M~4U)0S*«U 


3 


I s * I s * 5* 

t0<or»coo> - •"* • <nru^r*©i/>f**inp>n '* *wru * ▼ vutootor-'jDtofecor^cuftJCft^injrjo 
£VKr^f-^^^a*i^<£®^toto&cooo_*^wwp<»oowtt»wc»c»c* 


W Nr-Nc^f^OJft-ft •*4»r^<9®^COt4&C400 -^COMfO^O 

> * * ft * *<9 (SCO Qftft *ftft*ft % % ftftft ft *r^Q « ftCjti 

K ft ft ft ft tftftftftCI^ ftftftftftftftftft *L)ft4 • *«4 ft 




3 

</> 

w 


o — ▼^pooco ft ft ft ft -to • • moo® *co<o ft *ojru * •& YCt«’iO , .oc>oor»r-cnn*’* 4 «>r)r'- 

t • • • *»M,rtnQCOMouu • *uc3 • ^t3<atdcfiut*tt«-»o*cpr , *rftf*Nr*Ko 

ft^*4 * • « » •mAfoniOi ft fto ft *p oo ft ftfn o ««**«**«%«««•*%*« 

• ftOlOICIIGl ft • «OW . 


O ■* 


S ft^ TWm® ft ft ft ft *•<« ft ft * cu i/> r>p>*4 *wnHirt<%Hnp*w^»ftftj^wfu(in 

r- tor- coco • • * •cor- • .ru;Sto • oco * *uoa * • c.j»o»tAc 3 cic>t»wu?r-f s -r-r»r-i-u> 

fw > • * » * *f- •-ftOjw tipnjo * ftiA * ft " 0> » •* *50 ftftftftftftftft**ftftft % ftftft 

f Xr * ♦ • ♦ *OImOIOI ft *C>0»i • *0 • • CM C*> • *100 •••*•••••••*•••*# 

*«r>{u«ftOi % • * • . ^ *~i »rucn-«oAo ftftftiMo^ftio^r ouar-^^ri^ 


V) ftftfr- o ft*r>oi«ftOi ft • * • «(\jm-*orto ft^njo^io^rouar-^^rr- «*ii>*4nj-«f!><%i/»^ 

►- wod. A(flA«N * * • ft ft • 13(0 ftliC&H .0»U-^ o li eg u* o b o* uJ K r- c- P- 

0 XL ft • ft ft ft »f TTf*l® ft • *10 ft ft • ft ft ftCO ft ft * • *ft*ftftftftftftft*ftftftftftft 

1 P • * • • *0090«« fttp^rt* . #n ♦ • #o • • 

JSK~S PPPP81 r > «* 2 13^235 s^PsspssRssasasppjeRsps 

or ftOk«4 » ft ft » * • * • • to ftftft* « * ft % ** * ftftftftftftftftft*ftftft***ftftftftft 

-j tu~ ft • * . • * *TCun*4Q • * • ».... 

w ft<M* ««4 mrap < r r kn<»o9«ft^fMrft90<^ft-*r-c»<%coo<ooopu>»r*r>gtpr'»r)^air»r-ft4ui(oc%ri 
"|r^- NKNr-s**^f4^ ftr- o* » w r- a» cj cj c3 *+ uF-cn ft N to coco cam toe* ao coco coop >fftrftr- 


EhwIAU) 

ww>hP 


•*<0 


l|l“:| 
? * ! 


r</M/>oo ft-<(VHMa» 0 (jCTMpg?rft <»<»q»<pr- vn® ®njrurticor)fu r-A- ft-*r>ru ^ vtofocar- 

Shhti r-r^ u3to»o»a>oi w w woor^ oicocar- waoc3oocoooc3c3c3C3wMbowiooloF'NN wi 

***ftftftftftftftftftftftftftftftftftftft'-aftftftftftftftftftftftftftft*ftftft 

Wr5^^i>3S!SSSSS5SS8jStoSP8S?SS5SSS!^?i22r^t3c}3SSK8S28?{vS^ 
rssaas : : : ; : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ; 

5 « « a o»p ® ▼ cn^ ▼ wj r- m -4 a • co LomiAiA • tom u> tofnruflH*) -ft« 06 » 

^^gSS^u^to^cpujooeoweocoiA^wcjt-toior^Qwr-r^cDU)^ or-^ wcot^r-oaiointtuJcjcDFt} 



4 


. • V T P.\(V7, is 

OU' 1 - ' . . ;Y 


• ••••«•«•»•* >n «ni 

^(vwoiwwwftinnnnnlflNBnrjnni/jimfliftrt'f TnrKUftiNWWwutwftjruwwiooMnnnn 

stosasPiV^ 

£8PP2d8&58883* : 3USSS3KS8#c^ 

«•«*****•*•* «A *00 ******************************** 

|£»|£^|3JS|S?J2»es?F: jS^SSSr^lSEnS fcPS^ 
PPieappPPSSSa^PjSPPPP^PPP^ 


nfrnrjrtnw n 

*«<•••«» 

WW858R 

SviisiaSS 

SSS8JB3& 

smsppppp 


PPP8PPP888P28 *5 rSPPSPP £?8335fc£?£c*?P*P?££88? PPP82 S-PPPP88 

^««^«««««%«« **-| *AJ ******************************** ******** 

feacwiss:f|38airss^niBfsi^s^isic88sa8??!:fff88&^^^s^ssisfsie pjepRRjsda 

P88PPPP^ S8S58PS^3??P?S^P PP28SPP8P? ?j:ppp}ess 

PPP8PPPP8SjssSP55PP8PPPPSS8SaPPPPPP^^ PP8P&PPP 

% _ « « % %%%««^^^««««««»«^»**«>«********************* ******** 

|£^f5^^(ep(S?p^td»eS?SS^SP^iSSS^SS^^Sti^^^PS&3QSSaj3S3Sd!i S38P82PP 
*%*%******%******•*%*%%************************* ******** 

£ }! P Jt £ P R ? 3 5 £ 3 3 5 5 S S 2 X S X 3 3 2 £ So 55588588 

888888385886888828^ 


;;i 




^ * • « 

* tor* * * 

4 4 • * * 4 

* j i* 400 r- *<*r-;/> 

^ ^ - -o®« * <u 

%44444444444444*4444444444444444 4*444444* 4 *D(4 ♦ • D CO <% • 4444444 

**•*••♦•*••*••••••••••••••••••••*•• *U> *U) • 4 f- • * (n 4UQ<|> iMLUO • ••••»• 




•Sf> f >vCT 4 *()u>u> u> id ruiM 

n 4 *<&fU * 4J0 ft 4444444 

ruco®v * • • 4ip^ •ifimnunfor 


4 4 4 CO 4 CO 4*4 

• *•«»« «n • 

• jy •n«*i( 


A^ctno *0 %t 
•UUUlfl^ *c 


C8838PP«PP3P9PPS!totSt®S38K38PRP8P8oSt8328o8r^2%S52 • • ' u . *5 *5?58[55S3 

4444444444444444444444 4 444444 ^ 4444 4 *(_> *UI 4 • 4 4 4ii>mn • t* *4Ti 4444444 

PJ8r?8SS58SPP8SS3PPPPSPPSi?PPS^P8S8S3lS<>5rJS *0 3 © * 4 4^5 *5^1 Vv 5 SlIU 




4 4 4 4 *0 »U 4*4 4*~» (\J • » 4 * w*t * 4 4 4 4 *4 

• * • • **H *44 »C0 ♦ • 4(>r*»n • 44 *0 ••»#•• 


PPfcPP36Sfc8P8PB8PPSSSSP8g8SP£PS8253!Cpf :8 Mtt^JtxSSjSSmSBIS 

44444»444444444444444*****4**%***** *ft| 4<\| 4*4 *ft • 4 4*4 *(> 44444444 

fS8iesS|S8SS88QS88a P&P5888PP8S83?P*ti3^lS°i8S *23^5 '2SSS3&32P 

5 444 49«<|/)W 4 4 4 4 4 4 4 

« 4 »H «0 ««••*•*<• 

SSie?PS5583SSS 5SSS?P???SSS8SSS335«3ou? l »S c »t*™Scl*lSg*^g’t4o!33?85> 
SS&PSSSSKS^ b5fof?5oP^2 v ltS^?iS^8 * *2 *G2SP?or^ 

5 4444444444*4444444*44*4***%** %*4*4*4* 4* 4* 44* *4')^ * ll> 4 4 4 4 4 4 4 

• * * *OOfUO «o ******* 

*S 5 S3 li 3 8 P 8 S n 

pppppp^^ 

Mpppppjcppappssspic^ 

5 * V wi t t* fi pi <o • n ® ® ~ • nl -i to to to <* r- 'e w oo co r- o! ® to co n n to ▼ ** oo V to oo nj to <i to o 3 <i 00 r? « co « <n co r* 
to £3 <0 (0 N N r* r- f* co r* r* r- r- to to u w to to to t* r- to to n- r- r- to r* i> in to w to 8 » O oo o» c3 to « u o c* w o 00 c« l s v- u> to t j ui o 

in ^ooc»*^o9cviriift vcow^fuwJ^wrjmiw^qoiftfnror-iAiftuJV^ri^r! 
<0 to to t5 <0 to id K uj to t>- to to <0 to ia to to 13 ua to to r* kq to r* to c* u> r*- r- in <0 u > m to oS £4 co w 06 u N co « u co oo N «o u v ▼ to trt in L > 



*>o 



t p\r,ttlS 


i/u/un r> imn oj ru f\i ▼ * ▼ ▼ fucu ru rum npmnnr)#nnnnnf»r!ri 


n 


Msssswraww#!^ 

3 5 8 3 

88P^fS?P8S^8SSa 3?8SS??S P83P2PPPP8S853PPP85PP88P "SPPPSSPS 

: : : : .* : : : ; : : : : : : :j :::::: : : r : : : : : : .* : .* : :j :_: ;_: : : : : : S : : : : 

ssr 


MMxnnnn*««^tfttninwu!nraatiDa •iuwai*a(tp«cN«w9|U(iiiftnM<4T*n>< •»»«•*»»« 
r-t»f*-«**c-i^3«#«#Pa»5#a>c*J-«»«ow<B*i><» s^c3r-r^33SBto»o*&jf'-S-f*F'-c4a»w*)tf>«» • uuf-£5dUl-ot 


.*{3 


?*???3rT838?S$?S8SS8$^r'? 832S5P^PPSS88S?P?S88fc828 :S8?85XPS 

: : : : : : : : : : : : : : ; : : : : : : : : : r : : : : : : : : : : : : : : : : : : : : : : rg : : : : r : .* : 
888?PP??8Sjes SSm?83So^!o* 8 88£P3jaW^ 

isis^ 

5883353SKP8SPPP8?SP33^al SS8^3SP?^K^^^3^3^»&^&8P88P38?S8aK 

*%*»«•>*%*%%«*****• »**«*» •.**%«%%%»**%**%*%****%%%»****fls%%% 

SS885KKS??8SP83SSlj?3853iS£8KSP558!i88?P8283Si52£288PS88«S88iSG8 
S f5 5 5 S S 8 5 K ^ 5 ▼ I K P }jj K S 2 22 2 8 8 ffi 3 8 2 S P <S 5 2 8 8 6 IS 232 8 2 8 Si 

S^SSSSS2sSsSi33zleSiS§^£i^^3iS^SSSS2liSS^SESSE3SS^SiSlS!SSS8iS3 



* • * 


* * * * * «««««%««%*«««««%««««%«»«• «\ 
mWfnWP^fn • • £<anjtv«v< 0 < 6 W< 0 Wtt< 6 cnininfiin<u(UfljcuSX'r* V 

* * * * * N ********************** * * * 

u» r* <n na m Mn in * • ® w r- £ u» co ro co u> r- r- oo r* m ia £ tu t* r> iu • *■ r* <u 
SHiai^woi * *^»um*0*TUirtOfniA»*ro**«&mo>cicu'r®3 %K* 




8 SJBRSB 88 jj^ 

P 8 PS? 8 «w»P?P 3 C ?5 SS 38 S{oSS 3 ut 3 SSnQ 3 oiSSSS 3 

% * * * * «#oo ******************* *oi * *94 * * 


• • • « 94 94 


* * *«r *-▼<*> •in*-* o*iAir>ruru®{u*r^c»m*« < v «y>tn *r*r* 
Feor-SFn • - jr^r-r- toy woo tAr»u>eoh-r»p» p»r*wwr- wno» wipooK 

4 * * • % *n^t ******************* «o * * * 

JCPPSPaV/tfPPSPj^ 

PBBSSB 55 . 8 .^ PS 8 £838 t 2 J 5 S£P 88 S ?288258 


£ 8 ® £ <©-« r*« *««• <* ia ▼ ® n «v> r> p ^ lo p* <a 9 c* u> to <o m w <y 
K Un m com ^ *■*« r* <0 wr* to <0 00 r* 00 a- K K r- N <0 <5 P <0 ft cd u> o w 00 

PPCPSm 

loNwwwi^KwtoNwtouitAWj^wr-toF-uiwwtDwiAWtotDwr-wbor^N aj«a 

*********************************** hHt 

ri««if^lfiU|ilft#iifiVu>ajciiA®cnoJciVu?Tui*yn^^r^pjo!?i*A-^M 5 +*£* 
for*ttwSr^8bfiwwwwLOiAwwwiAWWwww<£u)iAinu)o3r»£)(4r-F- • • <a 
**•****«**%****»***••********•***** 

UUiAVTpV®Viy»^^iir^r^cof^cy«V^nu 5 oI»Vnin^«i^rir^nj 
wr-3ww^«Br*wu>wu> various to lAioui tow win ▼lAininoowaooo tor- etn «, 

S 


§- 

~8 











TABLE 1. CONCLUD 


M* 




% 



,u } 


i 




FIGURE 1 . AREAS OF CONSTANT COEFFICIENTS IN EQUATION (6). 
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FIGURE 3. SAMPLE OUTPUT FOR ASHRET (FROM REMOTE TERMINAL ) 
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